Introduction
The emphasis on combat agility in the new generation of fighter aircraft calls for controlled flight capability to increasingly high angles of attack.
The pointed, slender forebody shapes commonly employed on such aircraft characterstically experience abrupt and relatively large out-of-plane aerodynamic loads when pitched to high angles. Accompanied by deteriorating control effectiveness at high angles of attack, serious handling difficulties in rapid maneuvering are encountered. The prevention of side force or its alleviation is an important current technology need.
It is well established* that the origin of the out-of-plane loads lies in an asymmetric development of the leeward vortex wake of slender, pointednose lifting bodies. In the research so far, the two-dimensional impulsive flow analogy has served as a useful framework for analytical prediction of the oscillatory side force due to alternate vortex shedding along the body length with increasing angle of attack. There is mounting experimental evidence, however, that the onset and initial build-up of the asymmetric loading is determined by flow development close to the apex. Lack of detailed knowledge of the fluid-dynamics of apex vortices viz. their growth 6 and stability, impedes the search for aerodynamic means of side-force suppression.
*See reference 1 for a recent summary of the subject and pertinent references.
From a practical viewpoint, any solution proposed for the high angle- 3 of-attack side force problem must not compromise the vehicle performance in normal flight (e. S . cruise drag, stability etc.). Any modification of or installation in the nose region is conditional to compatibility with the radome electronic requirements. A passive device is preferred, and one that would lend itself to retro-fitting without significant structural or other modifications to in-service aircraft.
Although many devices have been proposed and wind-tunnel tested, no universally acceptable method for side-force alleviation meeting all the above criteria has emerged so far. Notable among successful aerodynamic devices are the nose strakes l . However, strakes introduce undesirable physical .discontinuities in the radome and also generate persistent trailing vortices even at lower angles of attack which can adversely interact with downstream aerodynamic components such as canards, air-intakes, wing leadingedge devices and tail surfaces. Keeping in view such practical constraints, an alternative approach towards side-force alleviation has been proposed.
A New Approach
The present approach is to modify in a basic manner the normal fluiddynamic process which generates the familiar contra-rotating pair of lee-side vortices from forebody cross-flow separation. These primary vortices represent concentrations of vorticity shed uniformly along a meridional separation line on either side of the body, and their influence dominates the lee-surface pressures. The twin vortices are symmetrically disposed initially, but on reaching a critical angle of attack they begin to grow asymmetrically.
The resulting skewness in the perpheral pressure distribution then generates a side-force component. With the helical ridges described above, it was envisioned that the normal lee-side vortex pair would be replaced by a multiplicity of weaker vortices. Such an ensemble of vortices was considered less likely to develop a coherent asymmetry for significant side force to be generated. Also, a multiple-vortex wake was expected to decay more rapidly and therefore minimize interference effect-5 over the downstream components.
Wind Tunnel 'Tests
Proof-of-concept tests were carried out in the NASA-Langley 7 x 10 ft. Six-component measurements were obtained on models (I) and (II) using a dual balance system which permitted forebody loads to be recorded separately.
The balance data were reduced to coefficient form referenced to maximum body cross-section area and length (for models I and III) or wing area, mean aerodynamic chord and span for model II (with the exception of fig. 10 where fuselage data with and without wing are compared).
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Discussion of Results

I) Fuselage Alone:
The side force onset on the forebody occurred at a -30° ( fig. 3) which is in fair agreement with the correlated data of reference 1 on the basis of nose angle and length/diameter ratio. Comparison with some early data available on the same model showed good repeatdoility. Forehody with 1 /'^ inch helical rldi -es 00 odels III) :
Total side force coeff. vs, angle of attack. A new device has been proposed for alleviating high angle-of-attack side force on slender, pointed forebodies.
A symmetr i cal pair of separation trips in the form of helical ridges are applied to the forebody to disrupt the primary lee-side vortices and thereby avoid the instability that produces vortex asyr%etry. Preliminary wind tunnel tests at Mach 0.3 and Reynolds no. 5.25 x 10 on a variety of forebody configurations and on a wing-body combination at angles of attack up to 56 degrees, demonstrated the effectiveness of the device. i *Patent applied for. 
